Muscle strength, task performance and low back load in nurses by Looze, M.P. de et al.
  
PLEASE SCROLL DOWN FOR ARTICLE
This article was downloaded by: [Vrije Universiteit, Library]
On: 3 April 2011
Access details: Access Details: [subscription number 907218092]
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK
Ergonomics
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713701117
Muscle strength, task performance and low back load in nurses
Michiel P. De Loozea; Evert Zinzenb; Dirck Caboorb; Peter Van Royb; Jan P. Clarijsb
a Human Movement Sciences, Vrije Universiteit, van der Boechorststraat 9, 1081 BT Amsterdam, The
Netherlands, b Experimental Anatomy, Vrije Universiteit, Brussels, Belgium,
Online publication date: 10 November 2010
To cite this Article De Looze, Michiel P. , Zinzen, Evert , Caboor, Dirck , Van Roy, Peter and Clarijs, Jan P.(1998) 'Muscle
strength, task performance and low back load in nurses', Ergonomics, 41: 8, 1095 — 1104
To link to this Article: DOI: 10.1080/001401398186405
URL: http://dx.doi.org/10.1080/001401398186405
Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf
This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.
The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.
Muscle strength, task performance and low back load in nurses
M ICHIEL P. DE LOOZE² *, EVERT ZINZEN ³ , D IRCK CABOOR ³ , PETER VAN ROY ³ and
JAN P. CLARIJS ³
² Human Movement Sciences, Vrije Universiteit, van der Boechorststraat 9,
1081 BT Amsterdam, The Netherlands
³ Experimental Anatomy, Vrije Universiteit, Brussels, Belgium
Keywords: Muscle strength; Mechanical load; Low back pain; Nursing.
Poor muscle strength, relative to the physical demands of speci® c jobs, is
considered a risk factor for low back pain. To gain an understanding of the
underlying mechanisms, this study questioned whether muscle strength was
related to task performance and low back load in nursing tasks. Trunk extension,
elbow ¯ exion and knee extension strength were therefore measured in 17 nurses.
The independent eŒects of muscle strength on task duration, jerkiness of eŒort
and L5-S1 torque were investigated as the nurses performed several patient
handling tasks. Despite a large variation in muscle strength within the subject
population, no eŒect of strength on task duration, jerkiness or L5-S1 torques was
observed. In conclusion, poor muscle strength was found not to be related to
increased low back load. If `weaker’ nurses were to be at a higher risk, it would be
due to a reduced capability to withstand the mechanical load, rather than to an
increased mechanical load.
1. Introduction
The nursing profession is associated with a high incidence of low back problems
(LBP) (Pheasant and Stubbs 1992). The strenuous physical load associated with
patient handling activities generally is considered a main causative factor. This
load originates largely from the magnitude of the weight handled, which exceed
by far the maximal allowable weights proposed for manual materials handling
(Mital et al. 1993). Body postures constrained by the working environment and
opposing eŒorts of the patient further augment the physical load. It is likely that
in activities such as turning patients in bed or transferring patients from a bed to
a chair, the work load is close to the nurse’ s maximum physical capabilities. As
daily exposure to this load becomes more frequent, the risk for LBP increases
(Jensen 1990).
It could be argued that nurses are at a higher risk when their muscular strength is
lower. Back muscles working closer to their maximum capacity are likely to be more
susceptible to injury. Also, weak muscles may result in high peak loads on the spine
because of more jerky movement patterns and patterns of force generation. Both
muscular damage (Roy et al. 1989) and damage to spinal structures (Bogduk and
Twomey 1989) have been considered primary causes in LBP development.
The relationship between muscle strength and LBP incidence has been frequently
studied. Cross-sectional studies indicate that LBP patients produce lower maximal
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trunk extension torques as compared with healthy persons (e.g. Pope et al. 1985).
This seems to be mainly due to a reduced muscle capacity caused by inactivity during
the LBP period or to a torque production inhibited by the fear of pain. Poor muscle
strength as a risk factor for LBP can be only established in a prospective study,
wherein the muscle strength of workers is measured and future LBP cases are
analysed. Various prospective studies have not shown any or only a poor in¯ uence of
absolute muscle strength on LBP incidence (Biering-SoÈ rensen 1984, BattieÂ et al.
1989). However, in various studies in which the subject’ s strength relative to physical
demands of their jobs was taken into consideration, signi® cant eŒects were found
(Cha n and Park 1973, Cha n et al. 1978, Cady et al. 1979). These studies indicate
that high muscle strength can be a protective factor for those who are performing
tasks involving high demands in relation to their capacity. As such this ® nding
supports the belief in strength tests as a valuable tool for selecting workers for
strenuous jobs.
Two mechanisms may explain how muscle strength aŒects the risk for LBP: (1)
poor muscle strength is related to ine cient task performance and a relatively high
mechanical load on low back level; (2) poor muscle strength is related to a decreased
capacity of low back structures to withstand the mechanical load. This study
examined whether muscle strength aŒects task performance and, thereby, low back
load. Back extension strength, elbow ¯ exion strength and knee extension strength
were determined in 17 nurses. These subjects also performed three patient handling
tasks. The jerkiness of the eŒort to perform the tasks and the task duration were
determined. Net joint torques at the lumbo-sacral (L5-S1) joint were estimated.
Muscle strength eŒects on these variables were studied in an analysis of co-variance.
As body mass was presumably related to strength and it directly aŒects low back
load (simply due to the upper body weight `resting’ on low back level), body mass
was treated as a co-variate in the analysis. Thus, muscle strength eŒects were
investigated independently from any potentially obscuring body mass eŒect. The
hypothesis was that nurses with stronger muscles are able to handle patients quicker
and with less jerkiness, thereby minimizing the mechanical load on the lumbar spine
(lower peak and time-integrated torques), which implies a lower risk for low back
injury.
2. Method
Part of the methodology concerning the nursing tasks and the determination of the
mechanical load on the low back has been described previously (de Looze et al.
1994).
2.1. Subjects and patient handling tasks
Nine female and eight male nurses (body height 1.70 6 0.07 m; total body mass
69.0 6 8.6 kg) participated in this study. All were free of LBP at the time of the
experiments. The patient to be handled was a male (weight 78 kg, height 1.86 m, age
25 years). He was instructed to neither co-operate nor work against the nurse’ s
eŒort.
The nurses performed three patient-handling tasks: (1) turning the lying patient
over from his back to his left side; (2) pulling/lifting the patient from sitting on the
edge of the bed so that he is standing on his feet; and (3) lowering the patient from
standing position to a sitting position on the edge of his bed. Tasks were performed
at a normal steady pace and they comprised movements largely limited to the sagittal
1096 M. P. de Looze et al.
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plane. Each task was performed at two diŒerent bed heights: a ® xed height of
0.715 m (i.e. from ground level to the upper side of the mattress), which is a standard
bed height in the university hospital in Brussels (AZVUB) and at a bed height
preferred by the subjects. The sequence of the tasks was balanced over the subjects.
2.2. Measurements and biomechanical model
To estimate the mechanical load on low back level during task performance, a two-
dimensional linked segment model was applied (de Looze et al. 1992). This model
represented ® ve body segments: feet, lower and upper legs, and pelvis and trunk,
which were inter-connected at the ankle, knee, hip and L5-S1 joint. Net joint torques
were calculated by inverse dynamic analysis. The model required the following input
variables: ground reaction forces, kinematic data and anthropometric data about the
subject’ s body segments.
While subjects performed the tasks a force platform (Kistler) recorded the
vertical and fore-aft components of the ground reaction force. Analogue force
signals were low-pass ® ltered (30 Hz, 4th order, 24 DB/oct) and sampled (60 Hz).
To analyse the body movements, light re¯ ective markers were placed on the
subject’ s right side at the ® fth metatarsophalangeal joint, the distal part of lateral
malleolus, the lateral femoral epicondyle, the uppermost margin of greater
trochanter, the rotation axis between the ® fth lumbar and ® rst sacral vertebra
(L5-S1) from a lateral view, the spinous process of the ® rst thoracic (T1) vertebra
and the acromion. Marker positions were recorded (60 frames s
Ð 1
) by a motion
analysis system (VICON, Oxford Metrics, Oxford, UK). The marker’ s coordinates
in the sagittal plane were low-pass ® ltered (eŒective cut-oŒfrequency of 5 Hz, zero
phase lag, 2nd order Butterworth). From the ® ltered positions the dynamic linked
segment model was constructed.
Prior to the experiments, body height, body mass and body segment lengths were
measured. These measurements plus data from tables (Winter 1979), were used to
estimate the segmental masses, the moments of inertia and the relative positions of
the centres of gravity.
The beginning and end points of each trial were determined from the ground
reaction force signal. Peak values for the ground reaction force were determined, as
was the smoothness of the signal. The smoothness of this signal can be viewed as an
index for the overall jerkiness of the nurse’ s eŒort to perform the task, as both the
acceleration of body segments and the forces generated in patient handling ® nd
expression in the ground reaction force. The smoothness was computed by taking the
mean of the squared, diŒerentiated force-signal. Similarly, the mean squared
diŒerentiated acceleration of the human body has been used to express the jerkiness
of motion by Scholz (1993). Finally, the peak and time-integrated (over the total
duration of each task) values of the L5-S1 torques were determined.
2.3. Muscle strength
Muscle strength tests of the main trunk extensors were performed on a dynamometer
(Iso-Station B200, Iso-Technologies, Hillsborough, USA). Subjects were standing
and strapped into this apparatus, such that body movements other than trunk
¯ exion and extension were excluded. Prior to testing, the full range of motion from
trunk ¯ exion to extension was determined. During the tests, the maximal isometric
torque was determined in a standing position in two trials and then averaged. Next,
the subject generated a maximal trunk extensor torque by pushing against the
1097Muscle strength, task performance and low back pain
D
o
w
n
lo
ad
ed
 B
y:
 [
Vr
ij
e 
Un
iv
er
si
te
it
, 
Li
br
ar
y]
 A
t:
 1
0:
28
 3
 A
pr
il
 2
01
1
dynamometer’ s backward rotating arm (resistance 50% of the maximal isometric
torque) across the total range of motion. The arm’ s axis was placed at the level of the
assumed helical axis localization for the L5-S1 segment. The torque exerted on the
axis of the arm was digitized and stored on disk. Each subject performed three trials.
The maximal torque value and the average torque over the entire movement were
determined and then averaged over all trials.
An iso-kinetic dynamometer (Kincom, Chattecx Corp., Chattanooga, USA)
was used to determine the elbow ¯ exion and knee extension strength. Again
subjects were strapped into the apparatus; this time maximal torques against a
rotating arm could be generated by the elbow ¯ exors or the knee extensors over a
range of motion of 90 8 : for knee extension from 90 8 ¯ exion to full extension and
for elbow ¯ exion from full extension to 90 8 ¯ exion. This arm rotated at a
constant angular velocity of 1.04 rad s
Ð 1
. Tests were performed for the left and
right extremity and under concentric and eccentric conditions; ® ve trials per
condition were performed. The maximal and average torque generated during the
entire movement were determined for each trial and the values were averaged
(over trials).
2.4. Data analysis
The correlation between the right and left knee extension and elbow ¯ exion strength
was calculated and the results from the left and right extremity were then averaged.
Next, correlations between the average and maximal values and between the
concentric and eccentric obtained values for elbow ¯ exion and knee extension
torques were computed.
Subjects were ranked from low to high for the various torques, i.e. for knee
extension and elbow ¯ exion, the maximal concentric, maximal eccentric, average
concentric and average eccentric torque and for trunk extension the maximal and
average concentric and the maximal isometric torque. On the basis of these rankings,
the subjects were ® nally ranked for the overall elbow, knee and trunk strength and
divided for these three parameters into a low, a middle and a high strength group.
Multiple analysis of co-variance with repeated measures and Tukey-HSD
contrast tests were used to study the signi® cance (p= 0.05) of eŒects of trunk,
elbow and knee strength on the task duration, the ground reaction force (peak and
smoothness) and the lumbo-sacral torque (peak and time-integral). To study these
eŒects independently from the variation in body mass, this variable was treated as a
co-variate. The type of task and the bed height were treated as within-subject factors;
trunk, elbow and knee strength as between-subject factors.
3. Results
3.1. Muscle strength
The concentric and eccentric elbow ¯ exion and knee extension torques were
averaged over the left and right side after the signi® cance of left versus right
correlations had been ascertained (table 1). Figure 1 shows the mean and maximal
values of the elbow ¯ exion torque and knee extension torque as measured under
concentric and eccentric conditions. Among subjects a large variation was observed
for the various strength parameters. For instance, the highest individual value for the
maximal concentric elbow ¯ exion torque was 3.4 times higher as compared with the
lowest. The eccentric torques generated were always higher than the concentric
torques and the correlations between the concentric and eccentric torque values were
1098 M. P. de Looze et al.
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all statistically signi® cant. Average torque values correlated well with maximal
values (table 2).
Figure 2 shows results obtained from the trunk strength dynamometer. The
maximal concentric values ranged from 50.9 to 140.0 Nm, the mean concentric
values from 38.0 to 101.3 Nm, while the maximal isometric values ranged from 88.0
to 187.7 Nm. The correlation between average and maximal values of the concentric
torque was 0.98. The isometric torque however was not signi® cantly correlated to the
concentric torque values. Because of this result, it was decided to consider in further
analysis the separate eŒects of isometric and concentric trunk strength, as well as the
eŒect of the overall trunk strength measure.
After ranking subjects for overall trunk extension, elbow ¯ exion and knee
extension strength, the correlations among these strength indices was computed.
These were 0.71 for elbow versus knee strength, 0.86 for trunk versus elbow strength
and 0.80 for trunk versus knee strength.
3.2. Task performance and low back load
The task duration was on average 3.8 s ( 6 1.0) for turning, 2.3 s ( 6 0.5) for lifting
and 2.3 s ( 6 0.7) for lowering the patient.
Table 1. Correlations between the left and right extremity for the various parameters of
elbow ¯ exion and knee extension strength.
Elbow ¯ exion Knee extension
strength strength
Average, concentric
Average, eccenteric
Maximal, concentric
Maximal, eccenteric
0.92
0.86
0.82
0.80
0.90
0.89
0.93
0.87
Figure 1. Means and SDs of the maximal and averaged torques in elbow ¯ exion and knee
extension. Data from the left and right extremities were averaged.
1099Muscle strength, task performance and low back pain
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The ground reaction force is viewed as the combined eŒect of all the eŒort to
perform a task. The vertical component of this force was found to reach peak values
that were on average 21% ( 6 12), 40% ( 6 11) and 29% ( 6 10) above the subject’ s
body mass for the turning, lifting and lowering tasks, respectively. The peak fore-aft
ground reaction force was on average 147 N ( 6 54) in turning, 24 N ( 6 21) in lifting
and 4 N ( 6 55) in lowering. The jerkiness, deduced from the ground reaction force
signal, was signi® cantly higher in the turning task as compared with the lifting and
lowering task. No diŒerences between the standard and adjusted bed height
conditions were observed with respect to the peak ground reaction forces or with
respect to the eŒort’ s jerkiness.
Figure 3 shows the results for the diŒerent parameters of low back load. The
values for peak L5-S1 torques were not signi® cantly diŒerent for the various tasks;
these were 197 Nm ( 6 57) in turning, 212 Nm ( 6 56) in lifting and 197 Nm ( 6 54) in
lowering respectively. With regard to the time-integrals of the L5-S1 torque, the
values in the turning task were higher than in the other tasks, because of a longer
Figure 2. Means and SDs of the maximal isometric torque and the maximal and averaged
torques in dynamic back extension.
Table 2. Correlations between the concenteric and eccentric torques and between the average
and maximal torques.
Concentric ± eccentric correlation Average ± maximal correlation
Average elbow ¯ exion
Maximal elbow ¯ exion
Average knee extension
Maximal knee extension
0.68
0.60
0.88
0.89
Concentric elbow ¯ exion
Eccentric elbow ¯ exion
Concentric knee extension
Eccentric knee extension
0.95
0.98
0.98
0.97
1100 M. P. de Looze et al.
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task duration. More interesting, the eŒect of bed height on the time-integrated
torque was found to be signi® cant: the individually chosen height adjustments
resulted in a decrease of the time-integrated torques.
3.3. EŒects of muscle strength on task performance and low back load
Task performance was not found to be aŒected by the strength level of the individual
nurse. The analysis of co-variance did not reveal any signi® cant eŒect of elbow, knee
or trunk strength on task duration, peak ground reaction force or jerkiness of the
Figure 3. Means and SDs of the peak values and time-integrals of the net joint torque at the
lumbo-sacral spinal motion segment.
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eŒort. Furthermore, no muscle strength eŒect was found on the peak or time-
integrated values of the L5-S1 torque. The same result was found when the male and
female nurses were treated separately (instead of together) in the statistical analysis.
The absence of the hypothesized relationships will be discussed below.
4. Discussion
4.1. EŒects of muscle strength
The frequently postulated relationship between poor muscle strength and LBP
prevalence can be explained by the notion of a reduced muscular capacity to generate
force as a symptom of the disease or the notion of poor muscle strength as a LBP risk
factor. The latter ® nds support in the literature when strength is considered in relation
to the job demands (Cha n and Park 1973, Cha n et al. 1978, Cady et al. 1979). The
rationale behind poor muscle strength as an LBP risk factor was addressed in the
present study. It was hypothesized that weaker nurses would be more at risk due to a
less e cient task performance and a higher load at low back level. However, no
evidence was found for such mechanism. Despite a large variation in muscle strength
within the subject population, no eŒect of strength was found on task performance or
low back load. Before conclusions are drawn, the following points are of interest.
It should be stressed that body mass was treated as a co-variate, because body
mass was related to strength and because the eŒect of body mass on low back load is
obvious: heavier subjects show higher L5-S1 torques due to more upper body weight.
This does not mean that heavier ones are at higher risk as the strength of relevant
structures is also positively related with body mass (Hansson and Bengt 1980). In the
current study, the independent eŒect of muscle strength, not obscured by body mass
eŒects, was investigated.
To measure muscle strength speci® cally, iso-dynamic equipment was used. W ith
regard to trunk strength, however, maximal dynamic torques were found to be well
below maximal isometric torques, while maximal isometric torques were well below
the torques in nursing. Lower dynamic compared with isometric strength is in line
with the previous reports (Burdorf et al. 1995). More striking are the higher torques
in nursing as compared with the torques in maximal testing. The jerkiness at the
onset of the nursing tasks yielding high accelerations of body segments, which are
clearly absent in the strength test, may explain this diŒerence. In addition, some
systematic error may occur between the directly measured torques in testing and the
torques in nursing estimated by biomechanical modelling.
As a parameter of low back load, the lumbo-sacral torque was estimated. This
re¯ ects the minimal trunk extension force required and thereby the minimal load on
internal body structures (e.g. spinal compression). The distribution of the actual
extension force across low back structures may diŒer among individuals of varying
strength, which in turn aŒect the actual load on internal structures. Co-activation,
which is likely to occur in the tasks studied, may further enhance the internal load to
a varying extent across individuals with diŒerent strength. As long as these features
have not been demonstrated nor denied, the existence of any strength eŒect on the
internal low back load cannot be denied with certainty from the present study.
Assuming that the low back load in nursing is not aŒected by muscle strength,
weaker persons might still be more at risk due to a lower capacity to withstand the
load. Reduced muscle strength implies a higher intensity of muscle actions to produce
the same L5-S1 torque. This increases the rate of homeostatic disturbances within the
muscle ® bre, which is assumed to play a role in the development of muscle damage and
1102 M. P. de Looze et al.
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muscular LBP. There is also evidence that poor muscle strength is related to a reduced
capacity of passive structures. For instance, Bevier et al. (1989) found that isometric
back strength was signi® cantly correlated with the bone mineral density (BMD) of
spinal vertebrae (which determines the strength of spinal motion segments (Hansson et
al. 1987). In another study (Snow-Harter et al. 1990) the dynamic strength of various
muscle groups (back, elbow ¯ exors, leg extensors) and BMD at various sites (femur,
spine and mid-radius) was measured and the general conclusion was that dynamic
muscle strength could be identi® ed as an independent predictor of BMD.
4.2. EŒects of task and bed height on low back load
Apart from muscle strength eŒects, the eŒect of the task type and bed height was
studied. Peak L5-S1 torque did not diŒer in turning, lifting and lowering of the
patient. There was a slight (not signi® cant) tendency for lower values in the lowering
as compared with the lifting task. This result agrees with observations in manual
handling, showing only minor diŒerences in peak load (4 ± 7% ) between the lifting
and the lowering of materials (de Looze et al. 1993).
The tasks were performed on a standard and an individually preferred bed height.
Thus it was possible to study whether nurses are capable of reducing the mechanical
load on their back by adjusting bed height. The adjustment led to a reduction in the
total amount of back load over time without a concomitant rise in peak loads in the
turning and lowering tasks, a result which was reported and discussed previously (de
Looze et al. 1994). Another ® nding was that the adjustment of bed height chosen by
the nurses did not correlate with their individual body height. It was hypothesized
that muscle strength could be a determining factor in the chosen bed height. This
hypothesis however was not con® rmed in this study.
4.3. Conclusions
In this study on nursing tasks no relationship was found between various parameters
of strength on one hand and parameters of task performance and mechanical low
back load on the other. If persons with poor muscle strength would be at a higher
risk for LBP as suggested in the literature, it is because of a reduced capability to
withstand the mechanical load rather than an increased mechanical load involved in
the performance of tasks. As such, strengthening programmes or strength-based
worker selection still might help in reducing the LBP prevalency in nurses, although
the results found here do not directly favour these strategies. In our opinion, a
primary strategy should be the support of the use of mechanical aids like patient
hoists, sliding and roller boards or gait and ambulation belts. It has been clearly
demonstrated that these aids reduce the low back load in nurses considerably (Garg
et al. 1991, Garg and Owen 1992).
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